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(54) TANDEM SIUCON-BASED THIN FILM PHOTOELECTRIC CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the yield, reliability and 
stability, and to realize high performance in a low cost photoelectric 
converter wherein one is enabled to use inexpensive substrates by 
use of low temperature processes alone. 

SOLUTION: A tandem silicon-based thin film photoelectric converter 
comprises a substrate 101, and a plurality of photoelectric converter 
units 112 and 113 plurality laminated on the substrate 101. The 
individual photoelectric converter units 112 and 1 1 3 further 
comprise first conductivity type layers 103 and 106, photoelectric 
conversion layers 104 and 107 made of silicon-based thin films 
including crystalline materials, and semiconductor layers of the 
opposite conductivity type 1 05 and 1 08, respectively, laminated in 
this order by the plasma CVD method. 
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1»fHt#©*H] 

iuiB3t«^iws©i»-rn<>*54 o o wr©Tmi&£© 

-pCJfcfSStifc *>©•?& 9 . 8 0 %U±(Dffi8st£§kitft 
c £ *#Sit Sffi#3I 1 (cfE««©# >^a 

l>rft©WE36WE^©±B*>aWSelSiei*at»f-^ 
*^+fltji&*rU tWES«±-C2«B«t6K:l*J13*i 

fifaiH]fl©¥^i^PS«*© i s«r©*«Bft^^ » f k 

2/3 feTFt?#> -S C <t ^r^gfci -r -siit^jf 1 * fc tt 2 tc 

[i»j»14] H?fe««e±-ciKa^2S@©B«ia^« 

^gSatJ-eti^ti 1 ~2 0 y m©ffiBl*3©J¥§ i 0 . 

2-iowm©iift©i3*wu *^Huie i sa© 

ftH^&Jf ©J13 «BUSS2 ©S©^m^®©Jl$ J: «3 

*#c>t -rsitjjaa i a>6 3©L>-rna>©Ji 

[0001] 

HO. «f«c. S«±t?SB»®«:8WiSn*:a»©3l6«C 

fitCMT *&©-?&.£. 
[0002] 

y =i >© j: 5 £c*§n.ir> y 3 > z-gtsmmzmm v tc 
s tcfflmt. ^ffi**«±tc(ss^*a -fex t?ss©~> y 

[0 0 0 3 ] tpX'i>> £i&fiat*«7X4»>SCi 
t £ 4 0 0 'CJaT©<SS^' o -fe X K J: o X&ti 
fc*WE»«W5*Wr4ISft«i' 'J => 
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Appl. Phys, Lett., vol. 65, 1994, p. 860iCfEi££ ft 

awMfcitfnffl^aeflw***. cne>©*^{*ji© 
y ^ >-e*& c t£#gfc i ort,>&. 
[0004] sfc, piix zf^x-vcvD&x&mm 
stiz&ikmt'V^^jmmfcmm&mmicis^x^ m 
m&Ti&m timmmK. wmxs> x i> manwazst* 
f ? x ? + «jg©±ffi* wr s 3 >^?sjg%^-r 

10 *©->"j=j>^|gM{cA*fl//c*^© 

fc>«5> S^BIJ iiA^Wf 6 ft£ c <t*s*n6 ht 
[0 00 5] ±j£©J: ^ifeffiST'a-feX-CJf^sn/ci^ 

nfcfcoccit^r— iHtcisattfta^hs < ttrt&nifc^ 

WKteW*5?B*»«6*ftitt^gttftS-tt4©r. i^m 
20 [0 00 6] LfrL. qm.7'u-teMC£&mM,ni"J a 

>^^)g(c*s^-c«. ^©^s-^araEJififlijssfct* 
ux'jmtm u mcommicmmz ate t * tc0t©A« je 

^S*5^# < a,t, as©JS^{c«JK*spllur o 

9Qft*«©*ffl<t*B*Br±'r^*a:3a»4&*. 
[0 00 7] ffitf. *JB«5/ 3 'J3> 

n a©*) L/T^t?** 

';3>^m^3.--> h<t*2gs®3-a-yc^>f r A 

««©7fe**n ^©§&sa»!©*»3.^ v h -c^ 

40 fflc-cgR^^-B-^tl,^©^®^*^. L-^b. 

*St->T «, ^SS~> U 3 >^M*4#W©SteWer-Wronsk 
J:- J -C^^<^{bT'5it^S5£tt©pg^*«3. US 
^„ 

[0 00 8] 

50 iK«fcr>T$ffltt««3Wttffl^r«ttfi3^h©*«e» 
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C £ <D-C * £8fl5£tS« L . i/'J3 >^itM#H^8i!g 

■©asflMfcKjtirr £ c t zmmt u-cos,, 

[000 9] 

[iSS£8?&-r-2>fcd?>©3M8] *^KJ:6^>f r AM 
^„ F©t,»-rftfc# v -7'7X-7CVDS(Cj;-5-rllH^» 

mmvtftwmm t . a»w«s¥&f*n t **tf c i * 
[ooio] -r&*>%. *8mmh\x±&<D9ffim&K. 
a >%«R%flma - jr f zmmmm s *tewatt * 

«ti**tt«©*««8S«B*S*«:£o fc. 
[0 0 1 1 ] 

[^©^©^IS] 01«. #ffegH©*S6©JI5SS©— 

«scs«j&Brffi0ria«ibr(,^. c©£S©©«^i 0 1 

©£ffi& # 9 X ^aiffl I » 6 ftf# 5 „ 
[ 0 0 1 2 ] W6L 1 0 1 ±©1111 10 2tt, TIB© 
MR (A) <t (B) ©5*>©1«±£^**. fci^tfsg 30 

(A) Ti. Cr, Al. Ag, Au, CufccfcO'P 

t frhm&i 3 tifc'pti < t h 1 «±©^ji * fct* c n h 

(B) I n ; Oj , ITO, SnO, . ZnOfccfcD* 
Z n S#>£j§JR3ttfc:4>&< £ 4> 1 VJ.±.<Oik&miJ>ht£ 

hmmmmmsm. 

[0013] \fm<o^m&ik^=--j f 1 1 2(c^sn 
sin 1 mnm¥m#m 1 0 3 «. t - ^ xvc v D&fc-c 

i§1» 3*1 6., C©¥*?ttJI 1 0 3 iCttt, ita^S 40 
T*6^)^-?* 5 0.01 !fcf-%£L± F— 7*3 tifcg&iftJIi' 

y 3 jnfc u < ra^mt^ y 3 >MK>b>rft*». * 

mrn^t Ltli, 1 a?mM^frS 1 0 3 #fc<t *«n 
5EW&fc©rttft< , ?fc<h;itf 1 SSM^Wf 1 0 3 

js^-ra&jftsrcfc «fci». 1 gmsgji 1 0 3 comm 50 
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tt3~l 0 Onm©8SBl*JK:f3:€3tt. <fc 9 Jf?$ b < « 
5~5 0 nm©ffiBl*JKg:S£ft&„ 
[0014] 1 *3SMH 1 0 3_Bctt. #^8&H 1 0 
4tU, HaW***^ y 3 >K*m#S7 r ?X-?c V 
DSK<tot4 0 0*C«T©Sa©T-e^f!g3n-5,„ C 
©jfcm^fftJB 104tlttt l y > F -7"© i s^teii 

3 >mm^imm^it^m 8 o %«±© i mvmni, 
is u 3 >mm. &zi.mmmmffi&Fmim i !- z z< » 

m^gyii 0 4«cti6(cK^$n-r. ^:&tm-c*6 

F^->y 3>yjUv-=.<?A*?£/8<.>'r 

[0015] ^ma^Sl 04©MJ¥t*l ~2 0 Mm© 
JEBF're. «fc0*fSL<«l. 5~1 0um©ffiHF»3tc 

x&m^+ftKmmz^Lx^z. yenmm i o 4 

«4 0 0"C«T<tb^(gS-Cfl5fi£3ti€>©-C. i&SH&W 
^OKfflrtGC&O. <fct»iff*b< «4~2 

[ o o i 6 ] > y 3 >^Hbb«QAn i o 4 

rteO. *ti6©SKfi!>*S»l4tt«!B«cTtftt (1 1 

o) ©fiBfeteaiei^ffi^wi/ro*. $fciiK*5n 
&zme>-cb. %mmm 1 o 4©±^h«:«*©jk^ 

<fc 0 fei^J 1 tffiii'/hS ^raPS©«ft«Bi5:IHei*$tf f t>* 
[0017] Tfelgfti 1 0 4±CC». T«&e 1 0 3 i 

«iM $ 7©^mM^^ji i o 5 #s 77 c v d m 
iOz^-cmmzftz. c<Dmmi&m¥B#m i o 5iL- 

r B. aSMSS^^FffiiBJJl-? 1 *! 0.01 1%?%&.± F - 
7*3 *ifc*tSftf y 3 >«M& L/ < «#JMt^ y 3 >SE 

5 *5/ci A p SUB©Ji^K:»ifro >JRT-3WfflU 6n. 

ne>«^-rL4)Kse t )^ i fe©'c«^< . fcii«m 

S^igttH 1 0 5 t LXis ') 3 >*-^V F*>*/ y 3 > 

*s, j^flSSSJl 10 5 ©HSJ¥« 3 ~ 1 0 0 n m©©!!^ 
«C^3n. J;^SfSb< , i5~5 0nm©®HP t i«:g: 
S3ti?>„ 

[0018] iaa©*«seftji-» n 1 2±cc«. 

2ggO*^a^7 h 1 1 3^SJ13nS. 2|g@ 
©^^3^.^ h i i 3«:^*ft£ lasmi'^l*® 

106. *ssm*^^'> y ^>mm%.wmm 1 o 7 
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*$ j:t«K*«ffl*aw*» i o 8 o^n-ens*, i ms<D 

%M%&*~ v M 1 2 *cD*tj£*T S^affftli 10 3, 

i 0 4fc<fctfi o 5<bin«cc^sna. eu, 2g@ 

©jtf^Jftlll 0 7©JR/SW0. 2-lO^m0W 

i ggo^m^gyi i o 4<DMJ5^»f4«r#MLr®^ 

[0019] 2810*^^^-9 h 1 1 3±KfcJ:, 
I TO, SnO, , Zn0^6atRSftfc^&< ±t> 
1 «±©Ji**6tt*aiB»«tt« 1 0 Qimr&Sti. 3 10 
6CC-€-cD±Ccy y K^iiltA 1, Ag, Au, C 
u, P t^6StR$ft/c4>&< ti> l«±©^I4/c 

[0020] iC5*C, 2©a<D*«g^Wll 0 7CC^ 

snsjBatiecocirfc, -en6o^<*iTJft» i o 6 

i o 7©±sroc*$i»r». i &m<D3tm^.wm i o 4 20 
0 ajiraiBi&iHei©^ -f xibbwao * * * 
m&t&m 1 0 4©±*fficc*j^4-€'nw:Jt^'r2/3J&( 

T*c&£ 0 l/c^ot, 2©g(D7fefl^Jl 1 0 7CD± 

mmmammt a o , 1 gtsoftttsesm 1 0 4 <d#<d 
[oo2ii*fc. iaai2ga©*«Bftiio4 

<b 1 0 7icfciir«*SBflW^br>*-;i'^©ffirt^ 

#Sl>CCMft6<D~C, 1 0 2 imfHmfii 1 0 9 

tts. sect, ttflK*$tf^U3>»»«i*«aft 

SHRSM«:tec»rw, lSBi 2«acW6«Saft» 1 0 
4 £ 1 0 7 <h0IK|CC&*&«SR 1 0 5 <h 1 0 6 i UT 
WM^Ml'MMR *WJ*«8M10 40 
4 . 1 0 7 J: 0 tt#JM8|S#S:^ < ^S£*£ B H a jl£m> 

io4, i o 7rt©j£****aanRiRurjwi'r*!a: 

< <ft4. 

[0 02 2 ] ftte, *^tcJ:5^>7 r A^^^^ 
■ccfcc»rawsn4*«»ft^y h<oSK(c«lMS so 
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[0 0 2 3] 

[0 0 2 4] (JtlWI) H2«c*snr^4J:5«: % # 

mnmzmmtLximbtc. ^7x1^20 

1±GC, SflS2 0 2iLt, l$300nm(DAg 
Jg<L^(D_t(DJl$ 1 0 0nm©ZnOl©-enW^ 

Z&lcJzr>XBl8L2tifc. »BS«ffi2 0 2±CC», 
»8 3 0nmr»J>F-^h«:n Sfatefi^ y a >H 
2 0 3, /IS 4. 7umt?^>K-^ttfi^';3> 
%m$a&B2 0 4*5<fctf/*3 1 5nmt*P>F-« 

tiAipaatts^v ^>/t2 0 5#, ^n^n-^xv 
cvDffitci^tM^n, n i vitaaaka-y h2 
0 9 tmoLstot. yo&Sk*- ^209 ±x.\wm 

li20 6ilt, «38 0nm(DB9IV«ttI TOH 

««A gli2 0 7 Wmtt(C cfc -*T*S3tlfc. 
[0 0 2 5] ^ B ^>y3>*l^»12 0 4«, J&M 
*Ujg3 5 0 °CCDTr RF^7X-7CVDS(CJ;^ t«8 
§n/c„ C©*^Efft»2 04 tcfcCir, 2&-/*>« 

#)tctC?>. W$fcDf$m<DM¥mX0 . 2-0. 5 um 

/Co 

[ 0 0 2 6 ] c <d £ s ftjtemoiwmsan^ y a 

^rifei It, 1 c m 2 1 0 OflCD 

LTAI*t£2 0 8<bUrAMl . 5O^10 0mW/ 
cm 2 ©*«TISWLra*«Ftt*«3eLfci:C4, * 

*«0. 4 5 8V, 5SJ»««* $ 2 7. OmA/cm 2 , ffl 
«E3 J F-*S7 2. 8%, *LrSE8«W3W9. 0%r*^ 
fc. 

[0 02 7 ] U^L, cn^tb®0!I<bLr<Dl 0 0ffl<D 
«6 4ffl03^3tc<, ^0(DIS^CO^< l««'J-^©fc 
c^fc<OT*^/c. ortpfc, 4<i(D^4tcfeiir«, — 
fc, ±KJt«Wtrac*ttr**ffi«3W2 5 cm 2 CCffi 
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&-otc 0 £6&C, 36Wa»J12 0 4©«S#7. 5Mm 

cc«< sn^c<fc*i»wiJJBlt««i*<ra«K:i c 

m 2 (D«*mi**r* 1 0 0ffl©*»*«sttf*3WHH 

ztitctf* c tihto m*±mc to t, >riR©iHi»#£ c r 

2 0 4<Z>JS3#3. 5 jimfClX 3hfcC4*l»»tt± 
f2tb^M<t£< EMSfc 1 c m 2 ©*fcflB8t**T* 1 0 

[0 02 8 ] «±©<fc jK5ffa«K:j:i#— (0*fi 

*i>r « y ^ 9 ras^ig^sn 

*»««<Di«tt»fb«:feiHiii3&s*sj: socmenrt* 

[0 02 9 ] (HSfcm ) Hlfc^3ftTl»£<fc5fe2 

saasfi^ y a >® i o 3 , &t&Ats y =» 

1 0 4 to <tjyp IftJSSJ/ y 3 >■ 1 0 5 355, B2©Jfc 
^*©*fofrr4JH2 0 3, 2 0 4to<fcV2 0 5^130 
3 6CC, 2aB©3BR»a-?h 
1 1 3fcd*h*nHW6Jl5/y3>Jll 0 6, &KA 
> y n >3fcm^&B 1 0 7 to J:t>' p MSStfSHi' y n >B 
10 8&, 1SB©«B»^7 h 1 1 2K4*hfc 

*tj£ir£Jti o 3, io4*5<tc;iO5i0t;^r* 

[0 03 0] fc/cU 1 8B<D3fc«SJftJi 1 0 4<Di¥3 
B3. 5/imt^-5t 4 2©@©*«^IJB1 0 7©/* 

ytnm&m 1 o 4 1 1 0 7 e>^iHE>j?3as, m2<otm. 
/to isat2aa©*raiMii i 07toc 

<DJ:5fc/P3©ffi^tf*c\£fttf, AMI. 5 ©361 1 1 

*jRa*ufei*©isa<t2aB<we^ft^^ h 1 
1 2 <b i 13 <d&* u:ft£-rz>yt'mWL&mzwis < & 

[00 3 1 ] cC^t, lSBi2SB©#«Eft»l 

0 4^107 tcot»r»j3£sti3fc7K»$wfl«ii-rnfe 

5 t, H2 <Dtfc«WcfJO*«f£»JB 2 0 4 (DTkfPI 
0 7 <D±ffitctott4Gflfii^tKttB 2 <D\mm^<Ditm8l 

\m2 o 4cctb^r^«»"c&or, DnsutDHHsoa 

CD¥^raPS«0. 2 1/zmT*ofc. 
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[0 03 2 ] fcto, fft©K*-c*4K« 101, »®H 

m i o 2 , iis^ii 109, to<t?>*«0me 1 1 o 

H2©tt««*©*n*ncc»j£TSfi*2 0 1 , 
2 0 2, 2 0 6**0*2 0 7 £0^fc©-C*S. 

[0 0 3 3] c©<fc^(cir, msm l oWlgjftSW^ 
•;a>*HMB!lilt, 1cm 2 ©StfffifRSWTS 1 

S*ft«C*fl/TA*B6 1 1 1 cltAMl. 5CD?fc£10 

ttH«EE#0. 9 6 6V, JS*6««aa*s 1 4 . 4mA 
/cm 2 , HBf#7 5. 7%, ^It^Wl 
0. 5%X$>-itc 0 

[0034] ctih<ommm 1 £ utcd 1 o o floss* 

05^9 2M& 1 0%JK±©^8iaW*WU, 10%* 

»i©^tft»*©S»4«ctoi^r fc V -2mmtM.*>titzfr 

7 <D^mm&m 2 <Dimmittew&%wgLwm 20 4 

^•o/co 3 6&c, ±iBcc^«Wi iRID^ffirgJIfeffia 
2 5 cm 2 flttBtftiWSlOlfW^Ci, 

bd y-^«««>4>a<r*i«r 1 0. 2%<ommm 

ft<D»&»S 0 , fflRttto <fc W3Rtt*s» L < n 
[0 03 5 ] <LC3"C, Hl©^IJSWIlCcJ:S*:»«?lfe 

30 ±mm;MZ2WLm$mmmx'$>z><Dx\ 020^ ^ccm 

[0 03 6 ] 1 (D*^mi1feCDgg«^E^ffl^E3 

[0 03 7 ]B3tt, ^10^SSWIiS2CDi:bt5^I<btC 

<fcS*»««&cctoWS»*ffiK^^^ h;uo?|iJS*Sm^ 

c ii2c, 1 1 3 ctoj:c/2 c«, ^-n-emai© 

HJSWlCCcI:5*l^m?fe, hi 12, 11 

50 3W012 ©JtHSWtc J: **»«*«:to» ZWMmm 
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&;x^ v h 1 1 2 4 1 1 3 ©JRaSSgft* 1 1 2 c 4 1 1 3 
cCD^4 Lr»6nS»*« 1 (DAHWWftOJRifttt* 
lclt JttS«l©*|®®fe<DiRSI^2c4J:b-<T, » 

[oo38] a:*, %kot i ccj;s*»«»«cm»lt 

5 5 O^ffiKDS^ratCfe/coTM 1. 5^100m 
W/cm 2 ©*S-CJS*fLTfeUl*«Ftt<0«{b«±<S 

e>n-r, 3RSttccoor«>fii6iw»3:a**r>A:. 

[0 0 3 9 ] <^Sfc0»2) B4(C7S3nTC>4<fc5tt3 

ftfc e COH4<C«««2CcJ:S*»«lfeCC*JW4ia 
@4 2SB©j6«lft3.-^ h4 1 5 44 1 6CC^£ft 
4*»*14 0 3^4 0 8B, 13 1 GDHifctfJ 1 K<fc3;fc 

nwickcti iRS4 2BteoxmokAr.9 v 1 1 

24 11 3CC*S*i5¥«fl«l 0 3-10 8CD^n^ 

^6^§nl409, i/14 1 0&J:tfpJf4 1 1 
WMBBfc*£»:i-9 h4 1 TifiWmZtllt. C<Dt 
H4©*»«ftCCAMl. 5<D*4 14^iStUc 
*B^CC*«^BS^^. 9 h 4 1 5 . 4 16*JJ:»4 170 

g 4 2 saoo^seat/ y n > 36«aaft» 4044407 

(D/P$«-^n-en3. 5*im4 1, 6 MmCCSti. 3g 
BO#ft»S/U3>56^6WB4 1 OcDilStJO. 1 ix 

[0 040] frfc, *<Dffi©MR'C***«4 0 L S 
®mS4 0 2, MffiMWmm4 1 2*J«ta e SBB««4 1 

3 01 <z)^CT*cD^n-en*fjST^ss iio, 
102, 1 0 9, *$j:cn 1 0 ±mm<Di><Dv&z> 0 

[0 04 1] CO<fc9«cWfc«2CCJ:*3S8BBSa©^ 
>f s AS*»«?fiCcSturAS*3e4 1 4 4LTAM1. 
5 <0*« 1 0 0 mW/ c m 2 <D#fltt?flSW Lfc*S^CCf# 
6hfcW*»tt», MJBtfMEftSl. 9 2 V, @KS% 
ffiK#9. 6mA/cm J % ftiBW7 5. 1%, * 

»ft»^ "J ^ 9 h ^r^O^teW 1 

WfkOJ: 0 -»©tt«W±«rH* C 4*sr * *. 
[0042] S/c. C(DSOfi«l2K:J:i*»«ffi«:5 5 
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0Bp|B©«i9IB«:t>fcoraBIILrAMi. 5©*«:i 

0 0 mW/ c m 2 ©JfeBrJtlBt Utea«CteW £^&$J^ 
«13. 0Kr*ofc. -Ttttofc, 3©B<MMa»:i 
i»H41 7W8M»5/ya>«8a«l4 1 0 
(omz&o. l Mmoiocctbewsi^r, fiB#ra* 

4^-e*/c4><D4^e»n-s. 

10 [0 04 3] 

«±©<t^cc, *ISBH«:j:ti« % teSH 
> y a jl^. ^ h £«JI{ bT i c 4 cc J: 

KHOKttllBfb fc0 3 c 4 *s pJtBr* 9 , 2/ya >«ff 

So 

im 1 ] *^O^O»»0^KJ:4 2tWWW© 
20 * > fASfiSfi/ y ^ >sil*l^gl©f®^ 
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